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ABSTiaCT 

In order to visualize r^latioiiships of 8pac€ for 
t€achlng isathamatical geography, this booklet shows how the globe may 
be used as a model of the earth in spacet Its purpose la to etiaulate 
the taaclilng of mathesaticai priociplaa in secondary*SGhool geography 
ana earth ecienca through a sarvsy oC basic principles of global 
usage* The introauctlon on using the globe diacuseas nhat it im, its 
ad^antageSf its liil tatioss, types of globes , and types of aouiiti^^gs, 
A aiscttssion of the lines on a globe inalufles nunbar and spacing c£ 
grid llnss^ parallels of la%ituder neriaians of longitude, airectlon 
in latitufle and longitude ^ binding locations on a globe^ and the 
great and small aircles. How the earth is illattlEated by sunlight 
iiiFolires Its position In space. The aiscusaion aboat llluiainatian 
coFera artifloial illuiiination of the globe, auffimer solstice^ Minter 
sclstice^ egutno«s^ length of day and night, subsolar point, tropic 
lines^ natural llluaimtion, sunrise and sanset, and location of the 
snbsolar point. The concept of tlae Is presented in relation to light 
and space by describing earth as a tlneplece, noon and the aaridian, 
egaation of tiiae, analeiaBa, time and J.cngltude, standard tlmaj effect 
of repeated time changes, international date llne^ and time changes 
on the globe. {W} 
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Founded in 1915 *"to promole geographic educaiian and research 
and to secure co-operation beLwMn 'J:ie varaous fields of geog- 
raphy in the public schools and college;!/' the National CouncH 
for Geographic Education has grown info a national organipa- 
lion of teaAem of geofiaphy and the social ftudies, with 
mernfcei^ in every state in the L nson and rriany foreign coun- 
tries. The Nat lonal Council ha^ developed the Journal oj Geo- 
graphy into the nation's leading Journal for geography teachers. 
The annual ni^eting^ uaualiy held during the fall of ihe year* 
bring iogeiher teachers of geography and th« social studi^^ — 
dem^ntary, junior high ^hool» high school, and college — from 
all parts of the countTy in a ilinitilaling and pksaanl fellow- 
ship. The programs provided at ihes^e meeiings* together with 
the papers and articles puhiished iti Khe Journal oj Geography^ 
furmish an excellent cross-sectior. of scholarship in the United 
States, 

For additional copi'^?^ of ihi.^ booklet^ and other publications of 
the National Couiuul fur Geograjdiir EduGafiOT, address Na- 
llonal Council for Ceographic Educalion. Publications C^nten 
niinoi^ State Univcrsitv. Nornial lyinois. 01761, 
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FOREWORD 



To many peopk the word --geography'' brings to mind 
only the location and description of places upon ihe surface 
of the earth. To those who deal %vith this subject on the more 
advanced levels, geography requires that we explain as wl| 
as describe the distrijbutign of thiiip. To do tKls with thor> 
oughness, a number of subdivision of the field have been cre» 
atedj includinf matheniatical^ phyiical and human geography. 

Like many of our basic tmlh ihe giolje can be ui^ to 
demonstrate geographic principles on all levels. Jn addition to 
showing the simple locations of polilical and physical features, 
it can also ba used in the teaching of maihematical geography, 
TTiii U)pic, which treats the earth as a planet^ has been the 
least appreciated ar^ of feography, nniainly because of the 
dafficulty that itudeni^ have in visualizinf reiationships of 
space. It is hoped that this booklet, which showi how the globe 
imy be lised as s model of the earth in space^ will atimiilate 
the Heaching of mathemstical principler In ieco.idary school 
geography and earth science. 

Tihe author wishes to acknowledge the help of the Denoyer- 
expert Compmy in granting psraission to use figures 1, % 3. 
6 and 12, of Dr. John W. Morris in organiiing the project, of 
my wife in typing the mt^nuscrif^i and of my many leachei^^ 
froni Mr. Hoi^man lo Dr. Emm^ in givir^ their knowledge of 
of the geography of spatial relafionshipi, 

Williani M. McKinney 
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INTRODUCING THE GLOBE 

Whif is A @bb#? 

The common globe, or terrestial globe, is a sphere, upori the surface 
of which is placed a rtpres^niahon of the bnd and water bodies of the 
earth. Other types ol globes have hern made, such as the crie^ial globa, 
hut in the study of geography we are primarily concerned with the Ura- 
tial type, 

A sphere is a round body, so constructed that all points upon its sur- 
face are Ihesanje distance from its center. It is the threedimensional eauiv^ 
alenl of a circle. ■ 

Vou may have read that the earth is not a perfect liphere. It hoa been 
known for more, than two hundred years that it is slighlly oblate, or flat» 
tened at the poles, and more recenl discoveries have indicated 'a alight 

pear shafH* of our planet. However, most people overestimate th^ de^ 
viations from a spherical shape. On a fifteen^inrh globe, the amount of 

flattening at the poles would amount to only one^twentieth of an inch 
and the bulges due to the "pear shape" are even less significant. For our 
purpoies, the earth can be treated as if it were a truw sphere, and thus 
manufacturers have^ made their globes on a spherical uattem. 

Since they are almost perfect representations of the earth's surface 
globes have certain advantages over maps: 

I Distances, areas, directions, and true shape will appear in their 
correct relaiionBhip to one another upon a globe. This will not always be 
true in the case of maps, in which the round surface of the earth must 
l>e "stretched" and distorted to fit upon a flat piece of paper. 

2. The globe is the best insirunienl for conveying the illusion of the 
earth as seen from space, 

:i The globe i^ an excellent device for illustrating certain principles 
of mathematical geography, such as the length of great circle routes or 
the variations in the length of the tiav. Upon a glohe, problems of Wis 
nature can he solved directly by graphical methods, in terms that caii be 
readily understood by the average secondary school student, rather than 
by the more advanced methods of spherical trigonometry. 

LlmlfaMdns of Globti. 

After readinf the paragraph above, one might wonder why flat maps 
are used at all. Actually, ^ere are also several disadvantages of globes, 
which nnust be understood by anyone using iheTn: ? 

1. Globes, being bulky, are difficult to handle and to store. 

2. Globes are much more expensive than maps. Further, as Aey be- 
corne larger in size, their pric^ increase sharply. This explains why the 
early globes were so small, and why glob^ larger than thirtv inches in 
djameler are still rarely encountered. 
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Fig, 2 — Horizon Ring 



3. While it is possinle to show all^ or almost all^ of the earth's sur- 
face upon a single map, no globe can show as much as one-half of the 
earth's surface to the viewer at any one time, 

TTiusjj glob^ are not a complete substitute for all other types of repre» 
ientalions of the earth*s surface, They are deigned s[>ecifically for special 
purpofes, 
Typ#s ef Olobes. 

Glob^ itiay be clarified in two different ways. One is to arrange 
them by the types of information print^ on their sunaces; the other is 
to arrange thCTn according to the ways in which they are mounted for use* 

In firit type of arrangement we have political, physical, and 
slated gloib^. The political globe, which shows mainly the nations and 
principal citi^ of the world, plus, perhaps, the states and provinces of 
Anglo^America, is the type with which we are most famiHar. Most globes 
for home use are of this type. The various political divisions are usually 
portrayed in bright colors, 

For cla^rooin pUsposes, the physicQl globe may be more useful. In 
thif type more attention is given to the relief features ai^ drainage sys- 
imis of the earth, and the colors employed are more natural and sub- 
dued. ^e majority of such gloi>es are not strictly physical, but a eom* 
promise type ^lled physicabpolitical, in which the boundari^ and citi^ 
are printed over Uie c^ors? indicating relief. An interesting example of 
a pui^y physicaJ type of globe is the relief globe, in which the moun- 
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tains and valleys are actually indicated on the surface in three-diinensional 
relief. In order to make these features stand out on a small globe, it is 
necessary to exaggerate their height and depth, m that they are actually 
not true models of the earth's surface. 

A third ty|w, the slaiad gbbe, ig either completely blank, or has 
blank outlines of the land and sea areas upon Its surface (Fig. 1). It is 
covered with a surface material upon which one may dran with chalk, 
as if on a blackboard. These globes are extremely valuable in dceion- 
strating basic mathematical relationships to a class, auch aw the principles 
underlying latitude and longitude. 

There are two principal types of mountinga for globes, the axial 
and the cradle mountings. The axial mounting is the more common of 
the two; in this case the globe is mounted so that it may be rotated on 
an axis passing through its poles. This axis i& usually inclined 23% de^ 
grecs away from the vertical, just as the earth's axis is inclined tmvard 
the plane of its orbit. The axis may be suspended from a large vertical 
circle or semi-drchv termed the meridian ring. Axial mountings are ideal 
for demonstrating the rotafion of the earth and the different ways in 
which the earth may be illuminated during the seasons. 

In the cradle mounting the globe lies freely within its mounting so 
that it may be turned to any position, or even retnoved entirely from 
rhe cradle. Often the top of the cradle is furnished with a horizontal cir- 
cle, graduated in degrees, termed the horizon ring (Fig, 2) , The cradle 
mounting is especially useful for showing the various hemispheres of the 
earth, for measuring great circles, and, above all, for rectifying the globe. 
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LINES ON i HE GLOBE 



Numbar ind Spacitig of thB 3rid Lines, 

Most |lul>€s are covert*d with a network of linr^ which BvryQ as 
reference pointi for iho met. The typical globe will haw ihiriy^lliree mcU 
lines, iwenl^-nine of wlndi will ^olid and four of whicli will he doUtKl. 
Twelve of iheH? lines will meridian circles, and I wen ly -one (including 
the four dotted one^) will be paralteln of latitude, A nlated glohe will 
not have these lines on its surface, hut may have markings i>lflced at con- 
venient intervals so that lines may he drawn on the ^nrface at wilK 

These lines are, of etnir-^e, purely ima^iinary. Their spacing and lo- 
caUon are basted upon a variety of rea^onn. ^^oint^ of svhich art- related to 
natural phenomena* and .^ome of which are more arbitrary in nature. 
The meridians have been i^paeeci fifteeii degrees apart along the equator, 
and the parallels (eNcepliiip the four dotted ones) have been spaced ten 
degree'^ apart along the nu'ridian?, Oceariionally ylohes will he found 
which have their lines spaced accord in^i to diffurent inlervals^; Ui fact, an 
infinite number of such linis could be drasvn. Hut in general, the thirty^ 
three line globe is preferrt^d m it ha^ enir'tili lines f or convunience, but 
not so many that a ''clullered" appearance rchulis. 

Faralltts of Litlfude. 

The paralleb of latiltuic^ are nliinmtely hii^vd upon the North and 
South Poles, These two pointJi are the two places on llu^ earih'^ surface 
which do not move during the daily rotation, and are I.icatetl where the 
axis of rotation intersects the surface, 

Midway between these pole,^ is tht* vquaior, wiiich contains all those 
points on the earth's surface which are equally distant from the two poles. 
The equator is the basic reference line for determining latitude, and thus 
latitude is indirectly based upon the natural phenomenon of the earths 
rotation. 

The reference lines for determining latitude are not referred to as 
^latitudes'' but as parallels of laiiludr. Like parallel lines drawn upon a 
flat, plana surface, they can never cross one another. 

Latitude refers to the angular distance of any place upun the earth s 
surface from the equator, m measured in degrees or fractions of a de- 
gree. To determine this dielance accurately, it must be measured by the 
rfiortest possible course, along one of the north^sauth meridians. The 
equator is thus the zero parallel, every place along the tenth parallel will 
be ten degrees from the equator, and so forth, 

Mdrldlans af Ungifude. 

The basic reference line for deterrainin| longitude is more arbitrary. 
Many lines have been used for this purpose, but in 1884 the prime merU 
dian, which passes throu|h the British Royal Ob^rvaiory at Greenwich, 
near London, was chosen by International agreement. 

4 
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The reftTi'ncr Wdv^ for dt^terrniniiig longiiutlt* arv refi^rnu! to mt^rU 
diam of Ion gii tide (not 'longiUitlcH'M , Tlu'v tlil'fVr hum pa^alI^'l^^ in lluU 
[hey art' not para lit*! to uiiuh otluM- hut meet at the poles. They aw drawn 
in this fa??hiun_ so that the nitMidun^ and parallels will alway?^ form right 
angles, and thus point nortl^Miuth and eaf^i weHl, at their iiiitM>ection^. 
Furthernions tliey are not full eircle^. but oidy ^cniiHMreles rnnning from 
pole to pole. When a meridian in extended heyond tach pole to form a 
full circle, it is termed a meridian ctrch. 

Longiiudc refers to the aa^ular distance of any place oii the earths 
surface from the prime meridian, as measured in degree;^ or frartions 
of a degree. To determint! this distance accurately, it is measured along 
a paraUeL ^ The prime meridian h ihm the zero meridian, every place 
along the tenth meridian will be ten degrees from the prime meridian, 
and so forth. 

Diractlon in Ljtitudo and Lorigifude. 

If we merely idtnitify a line m the tenth parallel, or the tenth meridian, 
there still esists the pos^ildlity of mme eon fu.^ ion. Obviously, two tenth 
parallels could he dra^vn^ one north and one south of the equator. Sini^ 
ilarh% two tenth meridians could be drawn, one east aiid one went of tiie 
prime meridian. 

To avoid this confusion, the parallels are further designated as being 
north or south of tlie equator, and the meridians as b^iug vast or west 
of the prime meridian, Thm, there will be only one tenth parallel north, 
and every point abiig this liiK> can lie said to have 10^ north latitude. 
Sinrilarlyj there will only he one tenth meridian west, and every point along 
this line can he said to have 10° west longitude. 

It is not necessary to indicate nortli or south when referring 
to latitude 0^ (the equator), or to Indicate east or west when referring to 
longitudes 0° and 180'', This is because the equator i 'he dividing line 
between north and south latitude, and the meridian le composi*d of 
the 0® and 180^ meridians i , the dividing line beiwtx^n east and west 
longitude, 

Finding Loeatldni On the Glebe. 

Let us take a given location as defined in terms of latitude and lon'^i- 
tude, say, 40^N and 90^W, and loc.^te it on the globe according to the 
princjplej given above. We know it nuist lie somewhere along the circular 
^th parallel north, and somewhere along the semicircular 90th meridian 
west. Each of these lines contains innumerable points, but there will only 
be one point which is contained In bath circles, and this is located where 
the two cross. T^iis intersection will be found iii western Illinois, 

This denionslration is particularly appropriate for the slateQ globe. 
The parallel can be drawn by steadying the clialk against the meridiaii 
ring, touching it to the mark placed on the globe at 40''X. and rotating 
the globe through one complete turn. The meridian can Ix' drawn by ro- 
tating the globe until the meridian ring is in line with the mark for 90°W, 
iJien using the ring as a guide to draw the line from pole to pole, 

5 



11 



Fig. 3 = Lo^afions on the Globe 



Of cours*% hy choosing reference points between the siandard mark- 
gins, other locations could i^e showru -uch 18-'N, B7^W (Fig, 3), Fur- 
Ther, by drawing more liius upon the globe, the studenl can he shown 
why it is necT^^ry to specify north or south latitude, or east or weat 
longitude, if we are to define a singl- location. If, as in a previous ex- 
ample. l>otii of the mh parallels and both of the 90tJi meridian§ were 
drawn, the globe would show four lines interacting at faur different 
locations: western Illinois, western China, the easiern Pacific, and the 
eastern Indian Ocean, 

Great mmd Small Ctrdei. 

If you will study the parallels and mendians of your globe, you 
will note that ihey are not all of the same size. The equator, and the mefi« 
dian circles, are the largest circles that you can draw upon a globe. If 
you were to cut through the globe along one of ihesa circles, 
you would cut through the center of the globe and divide it into two equal 
halves. Further, you will notice that each of thw circles cro«s evei7 
other circle of this type, and that, when two such circles cross, their 
crossings are located on the opposite sides of the globe. Circles of this 
type are called greai circles (Fig. M). 

6 
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On th^ other hand, parallel (ejicepting the eqiifttor) are no^ 
m lar|et oircle^ that could be dra^n en the gioba, Thy become smaller 
as get farther from Uit equator* dimiwsb% to single pcinti at the 
potes. If yau were to cut trough ibf glgbe along &uch a circle^ y^ij wsuld 
not em through the center, and ih^ globe muld bf divided Jnto two un- 
equal ^rts, rurther, they can be Jra^n m tliai they do not mm onc 
inother. Circle of this type ar^ called m^l alrd^s (Fig- 4B). 

Tie larger tha circle, the jnor* closely a portion of thi^ circle will 
resejrables ^raight line (Fig.: 5), Thui, * route laid abng the path of 
a gr^at circle will be shorteit distance between tw poinfi cn the sur- 
km of a sphm. The shortest diitsiice of ^11, a straight line, would pass 
below the surface of a s^ere. 

In addition to the meridians and ^e equatcr, innumerable other 
frMt circlaa may be drawn on the glo^le. They are umd in air and sm 
navigmiion to save diitance in traveling, '^fe liJnplcst method «f Iwating 
a great circle route betWM^n tw<> points is to ancher a tape or string in. 
one location^ draw it tight^ arid th^n pais it over the other location . If 
the globe is freeJy naounted in a exadl^ virath 4 horiien ring, the globe 
may lumaJ so Aat the two pointi aJe located along ihii riJig. In this 
podtioii the lorizoii ring foUowi the great eirde route, 

Si^ most parallels are not great circles, they are usually not foU 
lowed in east*to-w^t mvigation, Ir» the northern lierriiiphere, tfie great 
circle route Ufs to the jnorth of the parallfU m the southem, it lies to the 
soutli of the pardiel As one goes farther north, the parallel circles become 
smaller^ and th^ daviaie niore and more froiii the great circle routei 
Thuf, fusing the string or tape, you ean deitionslraia ho%v the goriest dig! 
!an^ from North America to Scandinaria will p^ia through the polar 




Fig. Gmt Clrclii 



Fig, ^Srnall Circles 



Fig. 5 - Straighf Um 



Th^ g*'eat circle di^taace betv^^een twc pcints on ih^ globa can be 
measured in incites, cither directly with a tape meaiur?, a^t hy mmprnting 
the length *f strng used with a ruler. If you baw the diarweteJ of the 
globe ^and jeme*^'ber th*t Ih* earth ^§ diamater is about 8^000 miHi, theifi 
mcasuiemefits a^n be ccnyerted into statute milmh Thtiij ^ twrflve- 
inch glob^^ one inch will i^res^ni abpiil 670 itiilrs, ard m a sixttenf-inj^ 
ntodeU ofti incli will rapre^erit about SOO milei. F^r gTeatcr ^ccttTicjr, 
the filial aJiiwr* »n Jnil^ should be reduced by om pr^nt, 

AJiother melhpd involves the uie of rwutical fmlm. 3ri tWi mm the 
biigih of ^trin0 or tape ii not me^ii«d in indmei, but is gu^iqiiemly 
laid slong the equator, with pre end at the prtoe ^erfdiw^ Hi© gfiat 
circle diiiafice tlui be we^ureJ in dagre«, Wth a m& m\mi\nS 
and a horizon rJng^ the number of d^e^ be Jireetly ftom to* 
rifig. Sinqa I h^wii*^! mSle is equal to ^na mimitr of i ^at clrcfe»^ ^eb 
dsgt^ of len^ will be tq[iiivdant Xo sixty cautScal mil^. TThi^ if toe 
diitiiice w«re f^und to h twenty Jegte^ this w^ould rejrt^nt 20 3C 60 
nsulical mSles, at Ifim. The diitance in nautical mllm be e^nvert^ 
to itiMJlt Bpil^ Jy »idtiplyiJig egaia by 1*15. 
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THE ILLUMlNAriON Oi THE GLOBE 

lliuminifien the farth In Spact. 

The mrth in spaoe ii illuminaU'd by only oue stfong point of lifht, 
theiun. Coining from an average distance of 93,{KX),roO iniles, the wm^s 
rays are alinosl parallel to eacii other, and thus illuminate only half the 
earth at onm time. The boundary between the dark and light hd^m is 
called the circle of ilhmination; like the equator aiid meridian circles'^ 
it is a greae circle. 

If the earlh'^i axis were at right angles to the plane of its orbits the 
circle of illumination would always pai.§ through the poles. Since the 
axis is, in reality, tilted 2334^ away from the vertical, the circle of illumi- 
natiDfi passes through the poles only twice each year, and at other times 
may ia m much as 23Vi^ a^ay from the poles. 

^rtifUlal lllumlnafien &f th& ^lob@. 

The llluinination of the earth can be demonstrated by darkening the 
room and turning a fIaslill|hE or spotlight upon the globe. (A elide pro- 
jector will make a good improvised ipotlight j The rayi of light should 
be horizontaJj parallel to the floor, and they should be aimed directly 
toward the center of the flobe. Tlie globe should be mounted m that its 
axis is inclined 23V&^ away from the vertieaL 

Two basic positions of the earth should he illuitrated by this tech^ 
nique : that of the solstices, which occur on approximately June 21st and 
Drambar 2litj^and that the equinoxes, which occur approximatelv Mfardi 
21it and Septeniber 23rd. ' 

Suniifitf' Selitke. 

To deinonstrale the June solstice^ Mhich will be the summer solstice 
for the northerii hamisphere, the iiorlh polar end of the axis ^ould be 
fwinted directly toward the source of light (Fig, 7) . In this position, the 
circle of illunii nation will not pass through either pole, but will Le a 
full 23^/6° away at Us clo^st approaches. At the upper and lowef ends 
of tha globe this circle will just touch the two dotted parallels en- 
oirele the poles. These parallels, locatad at latitud>es 66\^^N and C6H^S, 
are termed the Arctic and the Antaraiic Circles, 

If you rotate the globe one complete turn around its axis, from west 
to east, you will notice that the entire area frorn the Arctic Circle to the 
North Pde remaim continuously illuminated, This, then, is the "Land 
of the Midnight Sun/' Immediatdy soiith of the Arctic Circle, locations 
on the ^obe will pass through a small portion of ihadow durii^ the ro- 
tation. As one goes farther seHJth on tho globe, the proportion of s4adoWj 
as COTnpared with the proportion of light, will increase, At the equator^ 
a point will ipend half the time in shadow, half iu light, during the rfngle 
r&tation. 

Wlnttr ielsti^. 

South of the equator, the ^rth w experiencing the winter solstice 
oti June 21st, In the southern hemisphere, each location -will spend more 
time in darkness than in light during the rotation about the axis* The 
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Fig. 7 — Solstice and Equinox 



prDportion of darkt^is wiU inereaia as one goei farther soudi until^ from 
the Ajitarclic Grch to the Souih Fo\b^ we reach the zone wbme night laM 
a full iwanly-four hours, 
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To illustrate the December Bolitice, the north polar end of the axis 
should be pointri away froni the source of light* At this tirnt* the condi- 
tions of illumination will r«;an^>le lho§e cf the June ^oUiice. except that 
the conditions in each heniisphere wilt be exactly reversed. Thus, the 
northern hamiiphere will ihow the conditions of the winter soUtice, with 
darkness excaedim| daylight, while the southern hemisphere will show 
thoia of the summer iolstice^ with daylight exceeding darkness. 

To denionsirate ii I umi nation at the time of the cquiiioxes, the globe 
iJiDuld be turned so that the axis turns neither toward nor away from the 
jiource of light (Fig. 7). In this position, the circle of illumination will 
through both poles. Every point on the globe, except the two poles, 
will spend half its lifnu In darkness, half in light, as the gllobe is spun. This 
condition will be the same for either equinox; ihuSj one demoristralion 
will Euffice. 

Length of Pay and NIghi 

From tlie foregoing, the following points will become apparent to the 
viewer * 

L Wlien it is summer in your hemisphere, davi nusl exceed nj^ts 
in l«jgth- \%h€ii it is wintfr, nights must exceed days. 

2. Ths moimuin length of daylight, or of darkness, inereaies as 
you iriival toward the pole. Twenty^four hours of daylight or darkness 
are only poisible when you reach the polar circles. 

3. When one hemisphere experiences saminer, the other has its 
winter. 

4. At the equator, midway bi'lween the contrdbUng hemispheres, 
days and nights are always twelve hours each in length, regardlesi of 
season. 

SubseUr Point. 

At any given liriie^ there will he only one point on the earth's surface 
where the suns rays will be coming down vertically. At this location ^ 
termed the suhsolar poini, the sun will appear directly overhead, and a 
vertical pole will casA no ihadow. 

Tlie sub^lar point is always at the center of the illuminated half 
of the globe. TTiuSj in the foregoing demonstration, it will appear at the 
center of the path of the spotlight beam, and will be equally distant from 
all parti of the circle of illununation. 

Tropic Lines. 

The location of ?be suhsolar point changei frorn hour to hour due 
to the earth's rotation, and from season to season due to the tilting of 
the axis. It will always, however, be legated between two lines' on the 
globe. On June 21sl, it will be over the dotted parallel 231/2^ north of 
the equator, terme»d the T upli^ of Cancer. On December 21st, it will be 
over the dotted parallel 2.^*1/^° south of the equstor, leTined the Tropic of 
Capricorn, Thus, ihe iwc tropic linei. like the other two dotted parallels 
of the polar circles, are not spaced arbitrarily like the solid^ine parallels. 
Their location has been cleterniined by the conditions of the illumination 
of the earth. 

12 



17 



After mch ioliUce, the subpolar poiiit moves back toward the other 
tropic. Halfway on this journ^, at the times of the equinoxes, the point 
will lie over the equatorp 

Natural Illumination df the ^bbSi 

Another basic series of demonilrations involves the use of the natural* 
]y iUuniiitated globe. In tJi^ cases, the globe is m arranged that it is a 
tnje model of the earth in spaee. Its axis will be parallal to that of the 
earth, and locations upon the globe's surface wijl corr^pond to the same 
lomtions oil the earth. When plaoed in direct sunlight, such a gbhe will 
be illuminated as the earth is illuminated at the same given time (Fig, 8). 

Techiiic|ii# of R#€tifkafi§n. 

A globe, when placed in such a position, is termed a recUfied globe. 
Globes wilh a cradle mountings or with an adjustable meridim ring, may 
be rectified by the following technique: 




Fig. B — Illumination of Globa 

1. Turn the globe around its axis until your local meridian of longi- 
tude is at the top. 

2. Adjust the incliiMtion of the axis so that your particular parallel 
of latitude im at the top of th© globe* 

3* Turn the entire globe sUnd around so that tha axis is pointed 
directly north, If you are ming a niognetic coinpais* make sure that you 
allow for declination east nr west. In swme coromufiitiea, the streets and 
even some pubUe buildingi have been laid out aecnrdinf to the points of 
tfie wmpaas, making it earier to locate due north* 
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The rrcrification of the globe may be checked in the following man- 
ners 

L Your own locality must he located at the very top of the globa. 

2. If the globp has a horizon ring^ trace a line from the top of the 
globp, through the pole- to the ring. Where this line meets the rinf, the 
Tatilude should be equal to ninety degrees minus the latitude of your com^ 
munity. Thm, if you were at Chicago^ 42^N, the horiion ring should pass 
dircx'tly belo^ the North Pole at latitude 90^ — 42^ or 4a^N (Fig. 9). 

A third check will be diseuiied under the topic of the analeniina. 

Nifural lilumlnitlon by Seasons. 

Since the rectified globe cannot be shifted in position during a demons 
itration* a complete yearly sequence of earth^sun relationships cannot be 
shown in one lecture. For example* to show the earth at the time of the 




Fig. 9 — Rectified Globe 

ioUtice, one murt wait for the solstice. This disadvantage is compaiiiated 
by Ihe fact that the ftudent can see ho%v the earth would appear illuminated 
to mn obiervet in ipace at the very monient of the very day that the demon* 
smiDn u given (Fig* 10). 

'SynrlM jnd Sunsatp 

The earth turni upon its axis in a west'to^east direction. Since the 
circle of illwminalion remains more or less stationary duFing this rota^ 
lion, it apptari^ to movej with respect to the earth, in an east-to-w^ diree* 

14 



19 



On '^a miifitdi globe, Qm eirele of lUuminaUoii will datertnlM the 
lines qS wknm md sunset. If the demonstration l^ls for any len^h of 
time, tlif relative pomtion of the eirele wlU ghuige §o new sreai to 
tha we^t MiiM come ui^fr illuinination. In thit portion of the globes the 
drcla rtpr^eiiLi the line of iunrl^* During the iatne period, an equi^ 
v^ent &Tm to ^e east %vill have fallen into iha^w, and in this region the 
eirola reprints the line of §uniet. 

Day md ) tight are eauied by the rotation of the ^rth. Since the 
^earlh turzii a i jU circle (360^) in twenty-four houri, it will turn 15^ in 
one hoiir (3W*^ +^ 24 ^ 15^.) This piineipk giv^ an easy method of 
d^eminijig how long dayUghl will last at your laUtude on the date that 
)ou have r^tifiad the globe. Uiing the meridiam as a guide, measure the 
number of deg^^ along the illuminated portion of your local parallel, 
frDm one ad^ of tho circle of illuxnination to Ac other, l^ii number of 
d^Teei^ divided by fifteen, will equal the numl^r of hours from sunrise 
to iunaet^ 

For exaoxple, on June 21m^ there should be 225 degree in tihe illu^ 
minated portion of the 40th parallel on a reetifi^ globe. IS ^ 15 

hourSj the length of time between iunriae and sunset at diat latitude, 

ym will note Uiat, r^ardleis of the dale of reetificationi half the 
equator will alHrays be in li^t, half in darkn^. ^is ii l^^use the 
equaCor arid the circle of illumination^ Mng great circles, muit intellect 
at oppoBite ends of Uie globe, 180^ apart. 15 ^ 12 hour§^ the 

invariaKa length of day at the equator. 

Lociting the Sub^lar Feint, 

As mentioned previously, at the iubiolar point a vertical pole will 
cast no shadow. This principle can be used to locate this point upon a 
rectified globe. 

For the vertical pole, substitute a common pencil. Taking care to 
keep it pointed toward the center of the globe, hold it above the globe 
arid mo^ it adbout until ite shadow b^omes Uie smalls posdble spot* 
(Vo avoid interference from the shadow of our hand, the pencil naay be 
held by a pin thrust in its side. ) If the globe is correctly rectified, the 
pencil will tlian be over the sub^lar point (Fig 11)* 
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TIME AND THE GLOBE 



iarfh ai i Tlmvpl^*, 

The earft is a mtural timepiece. Time b directly i^Iated to mmy 
tjrpegof phenoinena relsting to the earth. Including, among others, the dally 
rotation about the axis, ai^ the seaional movement of ^e subsolar point 
from tropic to tropic, 

Na^n and the Mtrldlan. 

For convenience, Ae day ii divided into two parts, dividing 
tiine was originally taken to be local noon^ the time of day when, for n 
parilcular locality, the vim highest in the heavens and was due sooth 
of the observer if he lived north of the Tropic of Can^n At t^t tima 
the mn would be directly overhead somewhere along the local meridian. 
Befare *he iiun reached this point the time was Ante Meridiem' (A.M.); 
after if had passed^ the time was Post Meridiem (RM.). 

iquitien ef Time. 

Howei?erj it was later discovered that, due to certain ^pecti of the 
earth's inotion about the sun, il was not always exactly twenty-four hours 
from one local noon to the next. For convenience in setting medi&m^I 
tinaepiec^, th^ ilight differences were averaged that each day was 
always twe y-four hours in length. Tliis averaged time was called mean 
solar thm, or, more popularly, chck time. The difference betwe^ local 
nocn, sun time, and noon, clock time, is called tlie equation of time, 

Anilamma. 

It is thus bbvious that, if we use clock time, the lun will not always 
be **on the meridian" when our watchas read noon* ITii^, if we could 
graph the dHferent daily locations of the subtolar point with r^pe^ to 
the nieridian, we could determine the equation of time for my day of 
the year. 

Such a (graph is called an amdemma. On naany gl^^ it can he found 
as a graph shap^ like a figure ei^t, running from tropic to tr^ie along 
the meridian of 120° W (Fig. 12) It could be located ateng any meridian, 
but^ in the eastern Pacific (Sean, it has been found possible to draiv a com- 
plete analemma without c^scuring details of the land atw of the earft. 

The analemma, which has been marked according to the days of 
the year, may be used for the following puiposes: 

1. To detennine the latitude of the subsolar point. The anal^na 
touchai the Tropic of Cancer at die point markirf June 21st, d» Tropic 
of Capricorn at December 21it. At the times of the equlnora &e gr^ 
cross^ the ^u^or. Thw basic locati©ni of the sillsolar point are, of 
couoe, well toiown, but the analemma permits us to locate the poiirt f&r 
other dates of the year. For exmple, for February ISth we will find the 
siAsolar point at 13°S; for August Isl, at 18°N. 
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Fig, 12 The Aniltmma 



2. To deterinine the ^uation of lime. When fca sun hm not yet 
madi^ the nmridiiti at noon, clock time, the analemina for tha* day will 
be located to tha east of 120 degrees. On mdti dayi we slate that tha sun is 
slimi compart with clock tinrt. When the iun has already pawd the 
nieridian noon, the analemnia for thpt day will be loctttad to Uie w^t 
of 120 d^w^ and we state that the sun b fm for thtt day* TThw dally 
variations fiom *^nit to wwt give the analemma ito characteristic figure- 
eight ahspe, Thw variations can be read on the globe in degree, and 
thM can be converted into minuttt of time by allowing four minutes for 
eaA degree of longitude (W -f- 15 ^ 4)* On sonw glob^ the taik is 
made iimpler by a scale reading directly in minute. Four tim^ during 
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the ytar, around April June 15th, Septembar 1^, and De^mber 
the anatenma cro^^ the 120th meridisiL When Aii haj^ns, sun 
time and clo^ time will he the same, and the equation of time wID be 

ThiB use of the analemnia was iniportant when people ihad to check 
their Umepiewi by the sun, and thus analeniroas were placed up&n sun- 
dials. With the adveiA of radio and telephone linie signals, many people 
have forgotten the purp^ of the analemnia. 

3. To check upon the ratification of die globe. The anatesma 
shows the different locations of the subsolar point for each day at noon, 
cbdc time, along the 120th meridian. This is die same as 12 noon. Pacific 
Standard Time; 1 P.M,, Mountain Standard Time; 2 EM., Central Stand- 
ard Time; 3 P.M., Eastern &andard Time; or 4 Atlantic Standard 
Time. For Yukon, Akdca ^ Hawaii^ and ^ri^ &andard Times^ wibtract 
Is 2, or 3 hours^ mpectively, from 12 Noon. 

At the appropriate lime, as given for your time lone, locate the 
i^bsolar point on your rectified globe by the Aadow method. The sub- 
solar point iliould then be located directly over the analenima, at the point 
on the graph marked for the given day of the year (Fig. 11). If tfils 
does i»t happen, the globe should be moved north-soiith along the local 
meridian, or rotated east* west around its axis, until tfie two points coincide. 
Thmif and only then, will the globe be properly rectified. 
Tim« ind Longitude. 

Since local noon if determined by the sun's poiilion with reqject to 
the local meridian, it will be obvious that there will be a different local 
time for each meridian. Time thus vari^ according to one's longitude. 

This can be shown on the rectified globe by means of a pocket sun 
dial, or '-sun watdi." The podcet dial is placed at the lop of the globe^ 
the location of your home community. Remember to el^ate the gnomon. 
Of shadow stlcl^ of the dial the same number of degrw above the face 
of the dial as your latituda. When the gnomon is pointed due north, along 
the local meridian, the pookat dial will indicate local tinie. It is b^ to 
conduct this demonstration when the equation of tima is close to zero, 
otherwise the dial may be as much as a quarter-hgur froni clock time. 

If you slide the dial over the globe e^ward along your local p^mh 
lei, taking care to keep the gnomon pointed toward the pole of the g^e, 
the dial will indicate a iMer time. If you move the dial w^tward, it will 
indl^te an earUer time. 

Sfindarcjl Tinner 

Local time, of courae, is rarely used now. Late in the NlneEeenth 
Cemlury the n^ds of the transportation industry forced the adoption of 
standard time* 

When standard time was created. North America was divided into a 
series of 2ones running north4o-iouth over the continent. Throu^ each 
of these lonte runs a star^ard meridian^ and the lon^tude of this meridian 
will be a multiple of 15". Standard time for each zone is taken to be the 
local clock time along the standard meridian, thus eliminating the need 
for nuroerwis rei^tinp of the waAch as one travels east or west. 
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If you are living mwc diitance from the itandard meridian of your 
zona, the tima will dianga noticeably as you mova the pocket ^n did 
from your looility to ibi^ meridian, Also, by moving did frrai one 
fftandard meridian to an^thar* it ht shown how the rime of each zone 
diffm from that of the others, and how a movement through fifteen 
degree of longitude produces a difference in tinae of one hour* 

Effect of Repeated Tinfit Changes, 

If you continued to travel eastvvard, by the time you had travefcd 
completely around the gbbe and returned to your starting point, you 
would have mi your vsatch a/wad one hour for each fiftefn degree of 
longitude traversed. Since thera are 360 degreei in a complete cirde, 
this procedure will occur itwcnty-four tlm^ duririg a trip around the 
world (3W 4- 15^ = 24 1. Thus, your own personal Uroe would have 
advanced twenty- four hours^ or one complete day, ahead of the time at the 
place of your departure and arrivaK 

If, on the other hand, you traveled westward, you would have set your 
ivatch backward one hour for each fifteen degrees of travel. Upon com- 
pleting your circuit of ihe earth, your own personal time would be one 
complete day behind the time at the ])Iace of your departure and arrivaU 

Internitional Date Line, 

To avoid ^uch oceua'nci-s, the Internaiional Date Line was creeled 
about the same time that our standard time zones and prime meridian were 
adopted. This will appear on your globe ag a line^ dark red or black in 
color, running approximately along the 180th meridian, but deviating to 
east or wast occasionally m that it may pasi through the unpopulafled 
open seas- 

The International Dale Line is the place where the traveler makes an 
adjustment for the steady gain or losg of hours occasioned during a world 
voyage* Sin^e this line represents the only place where he can oompeniste 
for the logs jr gain, he rnu^ttake full advantage of it and make an adjuit^ 
ment of a full twenty-four hours in one operation. 

Further, the nature of the adjuiment in da^ mua be tiie opposite 
from the small hourly adjuitments that he hag been making. he is 

bound by the following rules r 

1. Traveling eaM^ 

a. Set the watoh ahead one hour for each IS** traveised^ ot, 

b. the ealerdar back one day upon crying the D^e Um* 

2. Traveling west' 

a. Set the watch back one hour for each 15° of lon^tude tm* 
verfted, but, _ . 

b. Set the calendar ahsad one day upon crowing the Data Une. 

Time Changes en the Olobt. 

'Hie above prii«iples can be Jiown by the u§e of the globe. TvLfn 
the North Pole tOTvard Ac cla^, and set the pointer on the iftandsrd 
meridian for ymt time mm, noting your pr^nit standard time and date 
as you do (Avoid the uie of ^yKght time, which will only add to Ae 
confusion ), Tlten point to the ^imdard meridian for the time zone to 
the east, and note that iht time there will be one hour later. 
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If one continued in thl§ fi^ion^ by the tinie the pointer had returned 
to meridian used as a Parting point, the time would have been ad^ 
wimI one whole day* However, if you take care to sat the calendar back 
one day at Ae Bate lAm^ yoti will return at the sama tinie that you 
iiarted, plus whatever few monients have been occupied In the demon^ra- 
tiwi^ 

For example, if you started from the 90th meridian w^ at 10:30 
A.M. Tu^ay, by the time you reached the 180&h meridian, the time would 
have advanM to 4:30 A.M. Wedn^ay. But, upon eroding the Date 
Llne^ tlw Q^andar is let back to Tuesday, and when one arrives back at 
90^W, it is stiU Tueiday, shortly after 10i30 A.M., C.S.T, 

l^e ianie den^nstration be made by moving the pointer from 
east to west around Ae globe, except that you mim set the clock back^ 
and ^ calendar ahead^ at the appropriate iocatloni along the way. The 
tocher can enliven the diioussion by mentioning Jules Verne's fictional 
aocount of the jouniey of Phi leas Fogg, who gained a day traveling eaM- 
ward around the world, or the true story of the ship Victoria of Magellan's 
espedition^ which lost a day traveling we^ward. 

APOeNDUM 

A booklet of this length is Intended as a survey of the basic principle 
of globe usage, treating those topics of mathematical geography which 
are most Jikeiy to be covered in the typical secondary classroom. As one 
might well sus^ct, more demon §t rat ions than the foregoing are po^ibla, 
particularly wlUi the rectified globe. If the reader is interf^ted In pursuing 
the subject further, he might turn to the following references: 

Debenham, Frank, The Use of Cmgraphy^ English Universities Pre^, 
London, 1950, pp, 58-69. 

Hu^, Robert^ TracMus de Ctobu^ Hakluyi Society PublieationSj 1st 
Seri^, Vol. 79, London, 1889. (Reprinted by Burt Fi^nklln, New Yorfc,) 
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